We propose a method based on the Electromagnetically Induced Transparency (EIT) phenomenon for the detection of molecules which exist as a small minority in the presence of a majority of absorbers. The EIT effect we employ effectively eliminates the absorption of the majority species in the spectral region where it overlaps with the absorption of the minority species. The method can also be used to enhance local-modes transitions which overlap spectrally with a background of other local-modes transitions of the same molecule. The general theory is applied to the case of sparse and congested background spectra within the same molecule and to the recording of the spectra of isotopomers (of Chlorine and Methanol) that are in minority relative to other isotopomers which constitute the majority of molecules present.
INTRODUCTION
Electromagnetically Induced Transparency (EIT) [1] [2] [3] [4] is usually observed in three-level atomic systems interacting with two ("probe" and "control") laser fields. The probe's electric field, denoted, as illustrated in Fig. 1 , by ǫ 1 , is in resonance with the transition frequeyncy between the ground state |g and an excited state |e . The "control" laser, whose electric field is denoted as ǫ 2 , couples the excited state |e to an auxiliary state |s . When the conditions are right, quantum interference stabilizes the ground state population, causing the transition from the ground state |g to the excited state |e to disappear, rendering the medium transparent to the probe field.
An important element at the heart of the EIT effect is that the excited state |e is coupled to a (radiative or non-radiative) continuum, forming a (scattering) resonance. As depicted schematically in Fig. 1 , when such a scattering resonance is dressed radiatively by the control field, it splits into two (Autler-Townes) components [5] , forming two overlapping scattering resonances [1, [6] [7] [8] which interfere destructively at the position of the bare state energy [6, 9] .
This interference results in the appearance of a "dark resonance" [6] or a "dark state" [10, 11] (DS), leading to "Coherent Population Trapping" (CPT) [10, 11] and transparency.
In the general framework of nonlinear optics [12] [13] [14] , EIT is used in the slowing down [1, 15, 16] and storage [17] [18] [19] [20] [21] of light, in quantum teleportation and communication [22] , in high precision magnetometry [23] , and in developing frequency standards [24] . Related interference phenomena are Electromagnetically Induced Absorption(EIA) [25, 26] and "Laser Induced Continuum Structures" (LICS) [27] [28] [29] [30] .
The EIT effect is almost insensitive to spontaneous emission from the excited intermediate state, since the population is trapped in the two ground states. Moreover, the transparency window in the absorption spectrum can be controlled via the control of the Autler-Townes(AT) [5] splitting on top of the destructive interference of the two overlapping resonances. These characteristics make EIT a promising tool for high resolution spectroscopy. Indeed, EIT has been used in the spectroscopic studies [15, 25, 31] of alkali atoms, mainly for reducing the inhomogeneous line-widths of absorption lines.
In the present paper we develop EIT as a tool for distinguishing between overlapping transition lines in atomic and molecular systems. An overlap of two or more transition lines in a mixture of different molecules (the "intermolecular" overlap), or in two (local or collective) FIG. 1: Molecular EIT: an initial state |g , residing in the ground electronic potential is excited by a weak laser pulse ǫ 1 to a resonance state |e in electronic state Q, which decays radiatively or non-radiatively to the continuum manifold of electronic state P . The |e state is coupled optically to a third state |s by a strong control field ǫ 2 and undergoes as a result Autler-Townes splitting.
As a result of the splitting and the decay, an EIT "hole" in the absorption of the probe field ǫ 1 is formed at E = E e . modes of the same molecule (the "intramolecular" overlap) is a common occurrence [32] [33] [34] [35] .
Such an overlap can reduce our ability to detect molecules in small concentrations in the presence of molecules in higher concentrations, reduce the accuracy of line assignments, and lead to errors in the derived molecular structure. Line overlaps can also generate a "chain"of misassignments [35] , in which errors in the assignments of some lines can lead to the misinterpretation of a whole series, even when it composed of well separated lines.
Commonly used solutions of this problem utilize numerical fitting algorithms. However, numerically distinguishing between spectral lines is not possible when the lines overlap too closely. Likewise, numerical fittings become ineffective when one probes a mixture of different molecules with spectral transitions at similar frequencies. An illustration is given in Fig. 2 . The present proposal uses EIT to overcome the overlap problem in both the intramolecular and intermolecular regimes. This is done by applying a "control" field which couples the strongly absorbing states which mask the weakly absorbing lines to some auxiliary states that do not exist (or are out of resonance) in the weakly absorbing species. By making the strongly absorbing lines transparent, the EIT effect helps accentuate the weakly absorbing features, which now stand out against a zero background. In this way, only the desired spectral lines that have not been made transparent remain in the spectrum. The details of the scheme, outlined in Fig.2 , are discussed in the next Section.
The structure of this paper is as follows: In section 2 we describe the theory of EIT spectroscopy. In section 3 we discuss the range of applicability of the method and in section 4 we demonstrate the viability of the method by deciphering the spectra in a number of cases where spectral overlaps occur, such as a mixture of Cl 2 isotopomers and in the spectrum of the CH 3 OH molecule. In section 5 we discuss the merits of the method and compare it to methods derived from Coherent Anti-Stokes Raman Spectroscopy (CARS) for achieving the same goals.
THEORY AND THREE SCENARIOS

EIT line shapes
We begin by outlining the theory of EIT for strongly decaying intermediate levels [9, 36] .
The consideration proceeds in three steps. First, one accounts for the states |s and |e in the three-level configuration depicted in Fig. 1 . These states are coupled by the control field characterized by center frequency ω c , amplitude ǫ c , and Rabi frequency Ω c = µ e,s ǫ c . Here µ e,s are the transition-dipole matrix elements between the |e and |s molecular states.
Expressed in the appropriate co-rotating frame, the Hamiltonian within the Rotating Wave approximation is given in atomic units (h = 1), as, H e,s = δ/2 |s s| − δ/2 |e e| + Ω c |e s| + Ω * c |s e|
where δ = ω c − (E e − E s ) is the detuning of the control field from resonance, E e and E s are the bare-states energies. The eigenvalues of this system, given as,
reveal AT split [5] spectra. In the original Schroedinger frame, the corresponding eigenstates are given as [9] ,
where
, and
In the second stage of the development we switch on H b−c , the bound-continuum interaction between state |e and a continuum of incoming scattering states, |E, n
, where E is the energy and n 1 -the "channel index" -stands for the collection of all the discrete quantum numbers necessary to fully characterize the continuum. The n 1 subscript is a reminder that the |E, n − 1 states diagonalize only part of the Hamiltonian, the part which does not contain state |e .
In the absence of a control field and when the coupling to the continuum is relatively independent of E, state |e decays at a rate given by Γ = π|V e,E | 2 [36] where V e,E ≡ e|H b−c |E, n [6, 7] , can be found in Refs. [9, 36] .
At the third stage, we add a "probe" laser, whose electric field is denoted as ǫ pr , to this system. The latter couples the ground state |g to the continuum of eigenstates |E, n − .
The one-photon absorption probability for a weak probe is given in first order perturbation theory as
where E, the scattering energy, satisfies the resonance condition,
with ω E being the probe center-frequency. µ E,g are the transition-dipole matrix elements,
The E, n − |λ i overlap integral can be calculated [9] as,
where H(E) is an effective coupling Hamiltonian describing the continuum-mediated interaction between the field-dressed eigenstates. In the case of an "unstructured" continuum,
The diagonal matrix elements of Eq. (9) embody the AT level splitting, and the off-diagonal elements describe the coupling to the continuum.
Equations (8, 9) lead to the final expression
i,j , and α j is given by Eq. (4) . If the control detuning δ = 0, then
where Expressions (5,10,11) will be used below for calculating the field-modified absorption spectra of molecules.
Intermolecular EIT spectroscopy
As a first application we consider the use of EIT in resolving spectral overlaps in the "intermolecular" case, shown in Figure 2 , in which one molecule in a mixture overshadows the absorption of another. Here EIT spectroscopy amounts to the application of a control field which is in resonance with a transition belonging to just one of the molecules/atoms in the mixture, thereby making that molecule transparent at the probe's frequency, bringing out the absorption lines of other molecules. Such a configuration is shown in Figure 3 .
Denoting the absorption lines we wish to eliminate from the spectrum as "A lines", and the ones we want to preserve -"B lines", the scheme will succeed if the control field eliminating the A lines will not modify the B lines in any substantial way. This condition is fulfilled, as discussed in greater detail below, if the control field is far from resonance for all the B lines.
A simple illustration of the intermolecular scenario is given in Figure ( 
CRITERIA OF APPLICABILITY
The condition for the proposed method to work well is for the control field to nullify or push away the A lines absorption while leaving the B lines absorption intact. One can determine whether the B lines are going to be distorted by calculating the energies of the eigenstates modified due to the interaction with the control field. The new frequencies arising in the B spectrum due to AT splitting can be found via an approximate formula (2)
Here E AT are the (dressed) energies of the AT doublets, E e ′ is the unperturbed energy of the B |e ′ state, δ ′ and Ω 
The method will not work if the molecule has a dense spectrum near both the |e and the |s states, and if many of the e-s transitions are strong. In this case, due to the many AT-split e levels the A spectrum may not part away sufficiently from the spectral region of interest.
APPLICATIONS TO REAL MOLECULES
We now present three realistic cases where we successfully implement EIT spectroscopy. transition strongly overlap. (Here P stands for a ∆J = −1 transition, R -for a ∆J = 1 transition, with the subscript denoting the vibrational quantum numbers involved in the transition. J designates the angular momentum of the lower state).
Since diatomic rotational energies can be approximated as Thus, the control field leaves the position and shape of the 35 Cl 37 Cl, P J=28 v 1−9 line essentially untouched, as required. We conclude that EIT spectroscopy allows us to effectively eliminate transitions of the majority 35 Cl 2 isotopomer which overlap with transitions associated with the 35 Cl 37 Cl minority isotopomer.
Eliminating two "intramolecular" overlaps in the Chlorine molecule.
As surmised from transition. In order to guarantee this, due to vibrational anharmonicity, the detuning δ ′ in this case must be ∼20 cm −1 . With this choice of parameters we can successfully "push" away the A line to reveal the (unaltered) B line.
Eliminating "intramolecular" overlaps in Methanol.
Compared to Chlorine, the spectrum of Methanol, CH 3 OH, is replete with intramolecular overlaps. Table 2 lists several nearly overlapping frequencies of rotational transitions [35, 39] , where the line notation is: the first entry refers to P , Q or R rotational branch; the next entry (the (n, K, J) triad) is composed of, n, the torsional quantum number; J the total angular momentum quantum number; and K, the projection of J on the molecular-axis quantum number. The superscript 0 implies that there are no vibrational excitations in any of the states, the transitions being purely torsional and rotational. The last entry pertains to the (A or E) point group irreducible representation of both the |e and |g states [39] .
When substantial overlaps exist, it is not an easy matter to derive numerically the individual transition line shapes from their joint envelope [35, 39] . In contrast our EIT spectroscopy can solve this problem directly: Using EIT to eliminate one of the lines from the spectrum, and comparing the resulting spectral envelopes, one can deduce the correspondent line shape.
The rotational transitions of Methanol are found in [39] . From the list, we see that a ω c = 249.291 cm −1 control field can couple the (1, 3, 19) |e state to a (0, 4; 18) |s state, and thus eliminate the second transition in Table 2 from the spectrum. At the same time, the control field is off resonance for transitions form the other three excited states shown in Table 2 . The detuning for the (0, 4; 19) and (0, 4; 17) transitions is equal to 2 cm −1 .
Repeating the arguments given above, we see that the three remaining transitions are not influenced by a control field of moderate intensity.
SUMMARY AND DISCUSSION
We have introduced EIT spectroscopy and have shown that through it it is possible to resolve overlapping spectral lines. The technique uses the EIT effect to remove unwanted transitions that mask some underlying transitions of interest. We have discussed the range of applicability of the technique for both sparse and congested spectra, and have demonstrated its viability for Chlorine isotopomers and Methanol molecules.
It is interesting to relate this technique to the use of Raman spectroscopy to distinguishing between overlapping lines, as shown in Fig.6(a) . We first note that the AT effect can lead to saturation of the Electronic Resonance Enhanced Coherent Anti-Stokes Raman Scattering (ERE-CARS) spectroscopy. In ERE-CARS, the pump and Stokes laser fields create a Raman coherence, driving a Raman transition from the ground state |g to the excited vibrational state |e of a molecule. The probe field drives a resonant transition into an excited electronic state |s , leading to emission of an anti-Stokes transition at frequency ω as = E s − E g . Early findings of Ref. [38] indicate that if the probe field is too strong, it may cause Autler-Townes splitting of the |e state, in the way described by the equation ( the ERE-CARS signal.
We note that the same effect can enable distinguishing overlapping lines of different molecules. The implied scenario is similar to those discussed Section 3. The scheme is shown in Fig.6(b) for the A lines. The Pump and Stokes fields create Raman coherences in the molecule. The CW Probe, which may or may not be electronically resonant with an electronic transition, measures the resulting emission at anti-Stokes frequency of ω as = E e + ω P robe . Simultaneously with the Probe, one applies a strong Control field, resonant with some electronic A transitions and non-resonant with the B transitions. Thus for the A transitions the |e state is not populated, and the spectroscopic signal is suppressed. The analytical description in this case is similar to that given in Sections 2 and 3 of this paper.
Our method can also be combined with a technique proposed in Ref. [37] , where it is pointed out that the population in the transition eliminated via EIT ("case A") is trapped in the dark state |D ≃ |g , while the ground state |g ′ of the B transition is depleted. A second probing, coming after the B line is measured, will find predominantly the A, rather than B, transition. Thus within a single EIT arrangement one may be able to measure, separately, each of the overlapping lines.
Further, EIT spectroscopy can be applied to measure a weak spectral line superimposed on a strong and uncontrollable background. In this case, one can make two measurements.
In the first one, the line is measured on top of the background. In the second, a control field is applied to eliminate this line, and the background alone is measured. Comparison of the two spectra will yield the desired line shape, provided that the background is not strongly influenced by the control field. 
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